Purpose: To test the null-hypothesis of no significant difference in velocity of space closure of extraction in sectors undergoing laser bio stimulation and those that were not exposed.
Introduction
A major concern to orthodontic patients is treatment time. Generally, the time required for fixed appliance treatment ranges from 20 to 30 months. Reducing treatment time requires increasing the rate of orthodontic tooth movement [1] .
Many studies have examined different methods that can increase the rate of orthodontic tooth movement, including local injections of: prostaglandins [2, 3] ,1, 25(OH) 2 D 3 [4] (the active form of vitamin D 3 ) but were recently rejected [5] ,osteocalcin [6] ,and relaxin [7] around the alveolar socket. Although these substances stimulate the rate of tooth movement, they also can lead to the undesirable side effects of local pain and discomfort during injections.Later resonance vibration [8] has been tried on animals, but these methods require an apparatus that is not routinely used in dental practice. Recently Acceledent (R) was reported effective in increasing the rate of tooth movement when applied as an adjunct to orthodontic treatment [9] . But another prospective randomized clinical trial found no evidence that supplemental vibrational force can significantly increase the rate of initial tooth movement and the device requires strict compliance by the patient [10] .
Low-intensity laser therapy has an energy output that is low enough so as not to cause the temperature of treated tissues to rise above 36.5°C or normal body temperature [11] . Initially, low-intensity laser therapy was applied only in medical sciences such as orthopedics, surgery, and medicine. It is used to accelerate the callus formation at fracture sites to facilitate wound healing [12] . Recently, LLLT suggested its use for distraction osteogenesis [13] . In the last decade, many histologic studies have attempted to determine the effect of low-intensity laser therapy on the histochemical pathways directly associated with orthodontic tooth movement [14] [15] [16] [17] [18] . Increased osteoblastic and osteoclastic activity after low-level laser therapy was observed in vivo and in vitro, but much of this research wascarried out in short-term studiesonanimals [19] . Few studies in literature have examined the clinical effects of low-level laser therapy on the rate of orthodontic tooth movement [20] [21] [22] [23] 19] and results were found as controversial.
Study Objective
The aim of this study was to evaluate the effect of a new dose of lowlevel laser therapy on the speed of tooth movement during orthodontic treatment. We tested the null hypothesis of no significant difference in velocity of space closure of extraction in sectors undergoing laser biostimulation and those that were not exposed.
Patient´s Selection
A sample of 20 healthy orthodontic patients (8 males, 12 females; aged 18-25) from a private practice in Temuco Chile in was recruited adopting the inclusion criteria of
• Absence of any systematic diseases
• Need for orthodontic treatment including extraction of upper first premolars
• Willingness and informed consent to participate in the study and to be exposed to laser.
Exclusion criteria were as follows:
• History of long-term medication as non-steroidal anti-inflammatory drugs and hormone supplements, known to interfere with bone metabolism
• Patients with unilateral chewing or para functional habits, skeletal cross bite, or occlusal interferences
• Periodontally compromised patients with poor bone quality affecting orthodontic tooth movement, with subsequent assessment bias
• Impacted canines and canines with dilacerated roots Sample size was determined by power analysis based on the results of a previous study that showed that the rate of tooth movement was twice that of the control side [21] . With an allowed error of 5% by using a split-mouth design, a sample size of 20 was sufficient for 80% power and achievement of significance. Informed consent to laser irradiation was obtained from each patient.
Method
Orthodontic diagnostic records were collected and analyzed for all subjects, including clinical screening of the vitality of the periodontium by pocket depth probing prior to and following space closure. The treatment plans for the patients included extraction of the maxillary first premolars to meet the space requirements for the retraction of anterior teeth.
Randomization
Incomplete block split-mouth design was used to prevent inter individual biologic variation [24] . In the 20 patients, maxillary first premolars were extracted. In each patient, the extracted right and left quadrants were randomly divided into two groups. Patients were blinded about the experimental and control sides. Group 1 was the experimental side and received laser therapy. Group 2 was the control side quadrant and did not receive low-intensity laser therapy.
Ortho and Laser Treatment
On day 14 after the extractions, separators were placed mesially and distally to the first molars for band placement. After four days of separator placement, molar bands (0.022 × 0.028 in) with custom triple molar tubes were cemented using glass-ionomer cement (KetacCem, 3M, Neuss, Germany).
Pre-adjusted edgewise MBT brackets (0.022-in; Ortho Organizers, Carlsbad, Calif, USA) were bonded using light-cured Transbond XT (3M Unitek, Monrovia, CA, USA). Archwire sequence was 0.014-in heatactivated nickel-titanium for alignment and levelling, followed by0.018-in, 0.017 × 0.025-in and 0.019 × 0.025-in nickel-titanium. A 0.019 × 0.025-in stainless steel (Permachrome Wire; 3M Unitek, Monrovia, CA, USA) was used during space closure: Twenty-one days following steel wire placement, retractionin masse with reciprocal anchorage was started with alace-back (3M Unitek, Monrovia, CA, USA). Incisors were consolidated by using 0.009-in steel ligature wires. The second premolar, the first and second molar were also consolidated to achieve an anchorage unit. A force of 150g was used for group retraction on both the control and experimental sides, in order to maintain the clinical protocol proposed by McLaughlin, Bennet and Trevisi (MBT system) [25] . The exerted force value was confirmed with an orthodontic dynamometer by two dentists. Patients were asked to report immediately if the lace-back dislodged or broke. In none of the patients the lace-back detached.
Low-intensity laser therapy was started on the randomly selected experimental side on the same day as the lace-back.
The laser type used was a AlGaInAs semiconductor diode (EPIC X, Biolase Technology, Inc., Irvine, CA) emitting infrared radiation with a wavelength of 940 ± 10 nm operated according to the manufacturer's recommendations. All safety precautions for the patient and the operator were followed. The aforementioned medical equipment has a wide range of settings according to the required treatment.
The hand piece had a cylindrical quartz tip with a surface area of 0.4 mm 2 where the laser beam was emitted from. The black color-coded needle (used for therapeutic purposes) was attached to the hand piece for lowintensity laser therapy. Routine method of sterilization and disinfection was followed. In particular, the hand piece body and the optic tips were sterilized by cold sterilization. Protection glasses were worn by both the operator and the patient. These glasses, provided by the manufacturer, were in accordance with the European norm EN 207 and had an optical density of ≥ 5 at the wavelength of emission from the diode.
Low-intensity laser therapy was started for bio-stimulation on the day of lace-back placement. Irradiation was performed on the canine and second premolar holding the laser tip without direct tissue contact. A total of 12 irradiation areas were covered: three on the buccal side and three on the palatal side of each tooth. The laser regimen was applied on day 0, 7, and 14 in the first month (T0, T1, T2). Thereafter, irradiations were carried out on every 15th day until complete canine retraction on the experimental side was achieved (T3, T4, T5, T6).
To cover all periodontal fibres and bone around canines, distribution and order were as follows: on the buccal side, there were;
(1) One dose of irradiation in the distal cervical third of the canine root,
(2) One in the distal apical third of the canine root, and (3) One in the middle distal third (root centre).
For the second premolars, distribution and order were as follows: on the buccal side, there was (1) One dose of irradiation in the cervical third mesial of the root (2) One in the apical third mesial of the root and (3) One in the middle mesial third (root centre). Moreover, this was performed on the lingual / palatal side.
On the palatal side, irradiations were performed similarly. The tip was not in contact with the tissue during application. This procedure was followed for all subsequent appointments. The total energy density (dose) at each application was 6 J (2 × 30 s × 100 mW).
To avoid intra-operator variation, all irradiations were performed by the same operator. To control patient behaviour and to maintain blindness, the hand piece was also held on the control side just to project the red guiding light with no laser emission. After 6 months, the laser side (experimental) and the control side were examined by using panoramic radiographs, which showed no undesirable changes in the adjacent periodontal ligaments and alveolar bones.
Assessments
At least sixassessments were made for each patient. The tips of the mesial cusp of the first molar and the canine were used asintra-oral reference points. The assessor was blinded to control or experimental sides. That is, one person measured the two quadrants without knowing which was irradiated with laser. Distance between the second premolar and the canine was measured for each patient with a digital calliper (Aerospace, Shanghai, China) accurate to ± 0.02 mm directly in mouth between contact point and tip cuspid. The distances were recorded at T0 (after completion of alignment and levelling: day 1 of canine retraction), T1 (at the end of 1 week of canine retraction) to T6 (on completion of group retraction on the experimental side).
Statistical analysis
Master sheets were prepared to facilitate analysis of the data. Data were tabulated and analysed by statistical software (version 20.0; SPSS, Chicago, IL, USA). The descriptive statistics of mean differences, standard deviations, and standard errors were calculated for all variables ( Table 1) .
The paired t test for related samples Wilcox test was used to compare the variables within the groups, previous Shapiro-Wilk test for normality. One-way analysis of variance (Repeated measures ANOVA; F statistics) was used to comparee the distances at T0, T1 to T5 in both groups. Multiple comparisons were made with the Bonferroni test. After analysis, data were sorted into various tables based on the objectives of the study. Results are expressed as levels of significance. Significance was determined at 0.05 level of confidence.
Results
Prior to space closure, the sides did not differ significantly in terms of distances between the canines and premolars, so the distribution of extraction gaps was considered to be homogeneous based on the ShapiroWilk test that was used to test the normality of the data.
Descriptive statistics are presented in table 1 and the difference between T0 and T5 was the amount of tooth movement over the period of 42 days in table 2.
Rate of orthodontic tooth movement was calculated as the amount of tooth movement divided by the time period. The rate of orthodontic tooth movement at the end of 1 month (M1) was recorded as T0 -T3 divided by 28 days.
Rate of orthodontic tooth movement on medium of canine retraction (M2) on the experimental side was recorded as T3 -T5 divided by 28 days. The M1 and M2 readings were calculated for both the experimental and control sides and compared (Table 3) .
To calculate errors in measurements, they were repeated by another operator. Mmeasurement error was calculated according to Dahlberg's formula [26] . This difference was within 0.05 mm; meaning that it was insignificant.
The values of M1 were 0.97 mm per month on the control side and 1.23 mm per month on the experimental side. The values of M2 were 0.92 mm per month on the control side and 1.22 mm per month on the experimental side (Table 3 ). There was a highly significant positive difference in the rates of tooth movement on the experimental side compared with the control side ( Figure 1 ). The average increase in the rates of tooth movement at 1 month was 32.3% in the maxillary arch and at second month it was 28.0% ( Figure 2 ). The average increase in the rate of tooth movement after anterior retraction was 30% in the maxillary arch. Clinical assessment of the trial or control teeth did not reveal deterioration in terms of periodontal conditions or vitality following space closure ( Figure 3 ).
Discussion
In this study, we used the semiconductor with a wavelength of 940 nm, a pulsed wave mode, an output power of 1mW, and an exposure time of 10 seconds. Results of Bradley et al. [27] had indicated significant biostimulatory effects on bone metabolism around this dosage, whereas higher dosages had bio-inhibitory effects, and lower dosage showed non significant results. A 15-day regimen was used, coinciding with normal recall visits for hygienist control in clinical service. Kavaliauskiene et al. [28] proved that after an orthodontic procedure, pain and soreness occur after 24 to 48 hours. Thus, the first follow-up score after low-intensity laser therapy was recorded on day 7.
A direct comparison between this study and previous studies was limited by a number of factors, such as different laser parameters and various animal models. Some researchers omitted descriptions of important aspects related to the study designs. The force to move teeth also differed across studies, as did the methods used for measuring movement.
The rate of tooth movement after 3 months on the experimental side showed a 1.3fold increase, which equals a rate of 30% more compared with the control side. Findings reported by Kawasaki and Shimizu [29] and Yoshida et al. [30] were greater: 54%. They reported a 1.3-fold increase in movement in their experimental laser group over periods of 12 and 21 days in rats. Fujita et al. [15] also demonstrated a 1.5-fold increase in their irradiated group over only 7 days. However, their study was on rat molars, and orthodontic force was not specified.
Kim et al. [31] reported a higher rate of tooth movement than that in our study over a period of 2 months in dogs. They found a 2.08-fold increase in tooth movement for their experimental low-intensity laser therapy sample, compared with a 1.3-fold increase over 3 months in our study. They used a pulsed mode similar to that used in our study. Yoshida et al. [30] stated that laser units show more bio-stimulatory response when functioning in pulsed mode, but Bradley et al. [27] used the continuous mode effectively. The continuous mode also has peaks and valleys because the laser unit cannot emit continuously in real time.
Cruz et al. [20] were the first to carry out a human study on the effect of low-intensity laser therapy on orthodontic tooth movement. They showed that irradiated canines were retracted at a rate 34% greater than the control canines over 60 days. Similar to our study, the rate of retraction was 30% greater on the experimental side but over a period of 3 months.
Goulart et al. [32] carried out a split-mouth study on dogs subdivided into three groups, one control and two experimental. In one experimental group, they used an energy density of 5.25 J per square centimetre; in the second experimental group, they used 35 J per square centimetre. The first experimental group recorded a 50% increase, but the second experimental group reported a 90% decrease during the first 21 days. They concluded that low-intensity laser therapy with an energy density of 5 J per square centimetre and a total dose of 1.89 J had a stimulatory effect when compared with the controls.The energy density of 35 J per square centimetre and a total dose of 12.6 J had a bio-inhibitory effect when compared with the dog controls. In our study, an energy density of 5 J per square centimetre and a total dose of 6 J were used.
Findings of Limpanichkul et al. [23] differed from ours. They showed no difference between the experimental low-intensity laser therapy subjects and the controls in a split-mouth study on human beings over 4 months. The reason could be the higher energy density of 25 J per square centimetre that they used. The average time required for canine retraction on the experimental side was 4.5 months. Thus, the rate on the experimental side was 1.5 times, or 30%, more compared with the control side. However, Youssef et al. [19] reported a rate of canine retraction almost twice as fast as that of the control canines over a 6-month period on human subjects using a split-mouth design. The reason could be the increased irradiation frequency of four times per month until the end of canine retraction compared with 3 times per month in the first month and two times per month in subsequent months in our study.
In this study, in the first 2 months, a 32% increase in rate of tooth movement was observed, whereas the average increase during the entire period of canine retraction was only 28%. This indicates a decrease in the rate of tooth movement in later time periods; this could be explained as analogous to the normal lag phase in orthodontic tooth movement.
Doshi-Mehta and Bhad-Patil [21] compared the rate of orthodontic tooth movement in the maxillary and mandibular arches. In their study, the average increases in the rates of tooth movement at 3 months were 54% in the maxillary arch and 58% in the mandibular arch. Average increases in the rates of tooth movement after canine retraction were 29% in the maxillary arch and 31% in the mandibular arch. The above differences were not statistically significant but clinically thought-provoking. The smaller increase in the maxillary arch might be due to the periodontal ligament of the canines being farther from the site of irradiation on the palatal side. Esnouf et al. [33] showed a significant reduction in intensity in the first millimetre of penetration: ie, up to 66%. The clinical implication will be that more energy density should be used on the palatal surfaces of the maxillary teeth.
Study limitations
Tooth movement speed is subject to wide variation. Therefore, the generalization of individual studies and comparisons of the results of the study are limited: For example, subjects brush their teeth differently and although we give a reminder at every session, so there could have been some inconsistencies. Also, other variations in dietary habits or other factors may constitute potential sources of deviations in speed levels. Variation in patient age ranges was not considered separately during the analysis as we focused on young patients aged 18-25. Although a sample of 20 subjects is statistically enough, the quality of dental extractions can be subject to variation, and this factor should be considered as a potential source of bias in speed space closure. Despite great care was dedicated to ensure that the forces were 150g, saliva may have affected the discharge capacity of the force among individuals, as reported by different authors [34, 35] . In addition, the use of lace-backs, which is a common practice among orthodontists using MBT technique, produces an inconstant force, which is a weakness of this design. There is a potential systemic effect of laser therapy in different areas of the mouth, but there is no evidence that this actually happens. Although statistical analysis can provide significant differences between laser intervention and control teeth, it is up to clinicians to decide themselves about clinical relevance in their patients.
Conclusion
Low-level laser therapy increases the rate of orthodontic tooth movement in a physiologic manner.
Clinical assessment of the trial or control teeth did not reveal deterioration in terms of periodontal conditions or vitality following space closure.
Thus, low-level laser therapy can be recommended as a safe routine treatment in order to accelerate orthodontic space closure.
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